In the USA annual lung cancer screening is recommended. However, the optimal screening strategy (eg, screening interval, screening rounds) is unknown. This study provides results of the fourth screening round after a 2.5-year interval in the DutchBelgian Lung Cancer Screening trial (NELSON). Methods Europe's largest, sufficiently powered randomised lung cancer screening trial was designed to determine whether low-dose CT screening reduces lung cancer mortality by ≥25% compared with no screening after 10 years of follow-up. The screening arm (n=7915) received screening at baseline, after 1 year, 2 years and 2.5 years. Performance of the NELSON screening strategy in the final fourth round was evaluated. Comparisons were made between lung cancers detected in the first three rounds, in the final round and during the 2.5-year interval.
INTRODUCTION
Lung cancer remains the leading cause of cancer death worldwide, mainly due to its advanced stage at the time of diagnosis. 1 Based on the results of the National Lung Screening Trial (NLST), 2 3 the US Preventive Services Task Force recommends annual lung cancer screening with CT. People eligible for screening are aged 55 years through 80 years, have smoked at least 30 pack-years, and currently smoke or have quit within the past 15 years. 4 5 However, little is known about the effect of longer screening intervals in lung cancer screening trials: thus far, only the Multicentric Italian Lung Detection trial which consisted of two low-dose CT (LDCT) arms (annual vs biennial screening), reported no differences in mortality or in screening test performances between the two arms (n=1190 and n=1186). 6 7 The Dutch-Belgian Lung Cancer Screening trial (NELSON) is the largest European randomised lung cancer screening trial, which was designed to investigate whether LDCT screening reduces lung cancer mortality by ≥25% compared with no screening after 10 years of follow-up. 8 9 The trial randomised (1:1) 15 822 current or former smokers into a screening group and a control group. Compared with the NLST control group who received screening by chest radiography, NELSON control group participants received no
Key messages
What is the key question?
▸ What is the additional value of a fourth screening round with an interval of 2.5 years after the previous three screening rounds.
What is the bottom line?
▸ An interval of 2.5 years leads to a higher interval cancer rate and a higher proportion of advanced stage disease in the final fourth round compared with the previous screening rounds with a 1-year or 2-year screening interval.
Why read on?
▸ The Dutch-Belgian Lung Cancer Screening trial (NELSON) is the largest European randomised lung cancer screening trial which is sufficiently powered and it provides a unique opportunity to investigate the effect of variable screening intervals (1 year, 2 years and 2.5 years intervals) in one screening group.
screening. Furthermore, the NELSON screening group received LDCT screening at baseline (round 1), after 1 year (round 2), after 3 years (round 3) and after 5.5 years after baseline (round 4), whereas the NLST provided three annual screenings. 10 The use of variable screening intervals in one LCDT arm in the sufficiently powered NELSON trial is unique and presents an opportunity to investigate the influence of the intervals on the screening test performances (eg, lung cancer detection rate, false-positive (FP) rate) and the characteristics of screeningdetected lung cancers.
Analyses of the first three rounds of the NELSON trial indicated that a 2-year interval between the second and the third screening rounds did not lead to a significantly higher proportion of advanced stage lung cancers compared with a 1-year screening interval between the first and second rounds. 11 Furthermore, the lung cancer detection rate was relatively stable across the first three rounds. [11] [12] [13] Analyses also indicated that, despite the 2-year interval between the second and third rounds, specificity and sensitivity of the first three rounds were higher compared with other screening trials, which suggests that lung cancer screening using biennial screening regimens after an initial screening round could be effective. 14 The primary aim of this study is to investigate the additional value of the final fourth screening round, 2.5 years after the previous screening round. The performance of the NELSON screening strategy in the final screening round is evaluated, and comparisons are made between the lung cancers detected in the first three rounds, those detected in the final round and cancers detected in the 2.5-year screening interval between the third and fourth rounds (ie, interval cancers).
METHODS

NELSON trial
Details of the design and conduct of the NELSON trial have been reported previously. 8 9 In brief, eligible participants were selected after completing questionnaires about general health, lifestyle and smoking habits. Based on this information, persons aged 50-75 years, who had smoked ≥15 cigarettes per day for ≥25 years or ≥10 cigarettes per day for ≥30 years, and who were current smokers or former smokers with cessation ≤10 years ago, were invited to participate in the NELSON trial. Eventually, 15 822 eligible high-risk subjects for developing lung cancer participated in this population-based randomised trial. The primary aim of NELSON is to determine whether LDCT screening reduces lung cancer mortality by ≥25% compared with no screening after 10 years of follow-up. 8 To perform a fourth screening round an additional informed consent was obtained, as the original protocol consisted of only three screening rounds. The final screening round was conducted from November 2009 through March 2012.
Study population
For this study, all 7915 participants randomised to the screening arm were included.
Screening procedures
Screening group participants were invited to one of the four screening sites (University Medical Centre Groningen, University Medical Centre Utrecht and Kennemer Gasthuis Haarlem in the Netherlands, and University Hospital Gasthuisberg Leuven in Belgium). For the screening, 16-detector or, in later rounds 64-detector CT scanners in low-dose setting were used, without the administration of intravenous contrast media. Images were analysed using semiautomated software (LungCARE, version Somaris/5 VA70C-W, Siemens Medical Solutions). 9 15 The analysis included the semiautomated segmentation of nodules and determination of the nodule volume. In case the software was not able to segment a nodule accurately, the diameter was measured manually by the radiologist. 16 In the first two rounds, two radiologists independently reviewed the images. In case of a discrepancy, a third expert reader made the final decision. In the last two rounds, a single reading was performed by a radiologist with at least 6 years of experience in thoracic imaging. Wang et al 17 showed that there was no benefit for double reading consensus with the use of semiautomated software. More detailed descriptions of the equipment and execution of the screening examination have been provided in previous reports. 9 15 18 Screening outcomes and the nodule management protocol The screening test had three possible results, depending on the presence of nodules, nodule volume and volume doubling time (VDT): negative, indeterminate or positive. 10 Negative results led to invitation to the next screening round, or in case of the final round to the end of the screening programme. Indeterminate results led to invitation for a repeat scan (after 6-8 weeks or after 12 months, depending on nodule size and screening round) in order to classify the final result as positive or negative, based on volume change (growth) and growth rate, expressed in VDT. 10 Positive results led to referral to a pulmonologist for a diagnostic workup. If lung cancer was diagnosed, a participant received treatment according to (inter)national guidelines. Medical data of these participants were collected prospectively. If a workup after a positive screening did not lead to lung cancer diagnosis, participants were invited for the next screening round, or, in case of the fourth round, to the end of the screening programme.
Nodule management protocol
Briefly, in case of newly detected solid nodules and the solid component of part-solid nodules, the volume determined the screening result: <50 mm 3 was negative, 50-500 mm 3 was indeterminate and >500 mm 3 was positive. 10 12 15 17 18 In case of previously detected nodules, evaluation was based on growth (defined as change in volume) and VDT. If volume growth was <25%, the screening result was negative, and if the volume growth was ≥25%, the VDT of the nodule was calculated: for nodules with VDT of 400-600 days, the result was indeterminate, and the result was positive if the VDT was <400 days and/ or a new solid component emerged in a previously non-solid nodule.
Definitions
A regular round scan is the first CT examination performed for a specific participant in one of the predefined screening rounds. Follow-up scans are repeat scans which were performed in between screening rounds if a participant had an indeterminate result in one of the four regular scans. The result of a regular scan was defined as the result of the first CT examination in a screening round, while the definitive outcome of the screening round was determined after inclusion of the results of the repeat scans performed within that particular screening round.
Lung cancers diagnosed by a pulmonologist within 24 months after referral for a positive screening were defined as screeningdetected lung cancers. Interval lung cancers were defined as: lung cancers diagnosed after a negative screening test and before a next screening round; lung cancers diagnosed after an indeterminate screening test, without a follow-up CT scan before the next screening round; or lung cancers diagnosed after a positive screening result if the diagnostic workup initiated for the positive screening result did not yield a diagnosis of lung cancer, and the diagnosis was made later because symptoms had triggered diagnostic assessment that eventually yielded diagnosis of lung cancer. Overall lung cancer detection rate was defined as the number of screening-detected lung cancers divided by the number of screened participants. Lung cancer detection rate of a round was defined as the number of screening-detected lung cancers in that round divided by the number of screened participants in that round. An FP test result was defined as a positive result in a participant when lung cancer was not diagnosed after referral to a pulmonologist for a diagnostic workup; a truepositive (TP) test result was defined as a positive result in a participant diagnosed with lung cancer after workup by a pulmonologist. The overall FP rate result of a screening round was defined as the total number of FP screenings divided by the total number of scans performed in that round; the overall FP rate of the NELSON trial was defined as the total number of FP screenings across all screening rounds divided by the total numbers of scans performed across the four screening rounds. Figure 1 Flow chart of the NELSON lung cancer screening study. Dashed lines: 25 participants did not receive screening in the first screening round but were screened in the second screening round; 27 participants received no screening in the second screening round, but were screened in the third round. Red dashed box: screened participants invited for the fourth screening round. 1 Interval cancer data of only Dutch screening group participants. 2 Only participants who gave their additional consent were screened in the last screening round. 3 Reasons for no further screening: 49 participants weren't traceable, 40 participants declined due to illness, 4 participants found the participating centre too far, 3 participants didn't receive travelling expenses, 4 participants had a negative experience with other trials, 3 participants declined because of a ill family relative and 1353 participants didn't respond. 4 Eventually, 5,279 participants provided additional consent and were screened in the final screening round.
Statistical analyses
Continuous variables were tested for normality by using the Kolmogorov-Smirnov test and examining Q-Q-plots. None of the tested variables were distributed normally, so they were described by using medians and IQRs. Differences between nominal variables were calculated by using a χ 2 test, and differences between categorical variables by using a Mann-Whitney U test. To calculate the 95% CI for the lung cancer detection rate, positive predictive value, the TP rate, and the FP rate, bootstrapping was performed with 5000 samples. For all analyses, a p value <0.05 was considered statistically significant, and IBM SPSS Statistics V.21 was used for all analysis.
RESULTS
The fourth screening round
The participation rates in the first three rounds were: 7557 (95.5%) in round 1, 7925 (92.2%) in round 2 and 6922 (87.5%) in round 3. All eligible participants from the third round were invited to participate in the final round; in total 6735 of the 6922 participants screened in the third screening round were eligible, since they were alive and had not been diagnosed with lung cancer. Of these eligible participants, 80.7% (5437/6735) responded positively, and 97.1% (5279/ 5437) of these attended the final round (figure 1). Participants with solely negative screening results were more willing to participate in the final round, compared with those with at least one non-negative screening result in the previous screening rounds ( p=0.006, data not shown). Moreover, a higher proportion of current smokers attended the last round compared with former smokers (54.5% vs 45.5%, p=0.04). Figure 2 presents an overview of the screening outcomes of the final round: 5380 scans were performed of which 98.1% (5279/5380) were regular round scans, and 1.9% (101/5380) were follow-up scans performed to assess the VDT of intermediate nodules.
In total 5336 nodules were detected on 2507 of 5380 performed scans in this round. Of these, 35.2% were indeterminate (NODCAT III), and 2.8% were potentially malignant (NODCAT IV). Most of the nodules were solid (93.9%) and had a VDT of >600 days (98.1%; S1 ). Four participants with lung cancer had symptoms before diagnosis. Half of the lung cancers were adenocarcinomas, and these tended to be more frequently detected in lower stage (stage I-IIIa) compared with small-cell lung cancers which were diagnosed in stage IIIa or stage IV Figure 2 Screening results of the fourth screening round. *Follow-up scans are scans performed after an indeterminate screening result. Dotted line: four participants with a negative regular scan result received accidently a follow-up scan. Their screening results remained negative. 1 In the follow-up scan one participant received an indeterminate result, so the participant received a second follow-up scan: the final scan was negative. 2 From one participant the scan data were lost, the participant received a new follow-up scan. The final screening result was negative. 3 Seven participants received no follow-up scan (dashed line): two participants declined further screening, one participant did not respond anymore and four participants had an indeterminate screening result but were accidentally not invited for a follow-up scan. Hence, for these seven participants the final screening outcome remained indeterminate. As these participants received no follow-up scans, the sum of follow-up scans is: 80+1+19 +1=101. 4 Three participants with a positive screening were not referred to a pulmonologist: in one case the radiologist judged the growing nodule, despite a volume doubling time of less than 400 days, as non-malignant; one participant was already diagnosed with an interval cancer and should not have been invited and screened in the final round; and in one case the workup was started, but ended shortly after the patient was deemed too ill to undergo invasive diagnostics.
(small cell lung carcinoma (SCLC); p=0.06). No significant correlations were found between disease stage and the following factors: age ( p=0.81), gender ( p=0.38), smoking status ( p=0.89) or starting age of smoking ( p=0.28; data not shown) (table 2).
Screening outcomes of 2.5-year versus 1-year screening intervals
Compared with round 2, performed after a 1-year screening interval, a lower proportion of stage I (60.9% vs 75.9%) and a higher proportion of stage IIIb/IV (17.3% vs 6.8%) cancers was detected in the final round ( p=0.02, table 3). Relative to the results of a 1-year screening interval, higher proportions of squamous-cell carcinomas (SQM), bronchoalveolar carcinomas (BAC) and SCLC were detected ( p=0.001, table 4). In round 4, no large cell carcinomas, large cell neuroendocrine carcinomas (LCNECs) or carcinoids were detected. The locations of lung cancer or proportion of female participants with lung cancer did not differ between the second and fourth rounds (p=0.91 and p=0.78, respectively, online supplementary table S1).
Screening outcomes of 2.5-year versus 2-year screening intervals
In the final round (performed after an interval of 2.5 years) a lower proportion of cancers was diagnosed in stage I (60.9% vs 72.7%) and a higher proportion in stage IIIb/IV (17.3% vs 5.2%), compared with round 3 with a 2-year screening interval. However, this difference did not reach statistical significance (p=0.10). Compared with the final round, in round 3 more cancers of other histology types (two large-cell carcinomas, two carcinoids, one LCNEC, one mixed non-small cell lung carcinoma (NSCLC)/SCLC and seven without a diagnosis) were detected (p=0.06). The localisations of lung cancers or proportion of female participants with lung cancer did not differ between the third and the last screening rounds ( p=0.66 and p=0.73, respectively, online supplementary table S1).
Screening test performance across the four screening rounds
The lung cancer detection rate in the fourth round was slightly lower compared with the detection rate in the third round, however, not statistically different (0.8%, 95% CI (0.6% to 1.1%) vs 1.1%, 95% CI (0.8% to 1.3%)). Compared with the first and second rounds, no differences in lung cancer detection rates were observed (table 5). The ratio of the TP and FP results tended to improve over time, from 0.69 in round 1 to 0.72 in round 2 and 0.83 in round 3. However, in the last screening round it dropped to 0.69. The other screening test performances did not differ.
Interval cancers diagnosed between the third and fourth screening rounds
Participants with an interval cancer diagnosed between the third and fourth screening rounds were slightly older ( p=0.06) and had smoked more pack-years (<0.001) compared with participants screened in the fourth round (table 6). Relative to the previous rounds, in this 2.5-year interval a higher proportion of participants was diagnosed with an interval cancer (figure 3).
In the first 24 months after the third round, 12 participants were diagnosed with an interval cancer, while in the last 6 months 16 extra participants were diagnosed with an interval cancer. The median age of participants with an interval cancer in the first 24 months was slightly lower than that of the participants with an interval cancer in the last 6 months (64.2 vs 65.4, respectively, p=0.05). No differences were seen in stage distribution ( p=0.77), histology (p=0.32), proportion of women (p=0.29) or in proportion of current smokers ( p=0.22) between the interval cancers diagnosed in the first 2 years after the third round or in the last 6 months before the fourth screening round (see online supplementary tables S2-4).
Compared with the screening-detected cancers in the final round, the interval cancers between the third and fourth screening rounds were more often diagnosed at stage IIIb/IV (64.3% vs 17.3%, p<0.001). They were also more often SCLC (10.7% vs 6.5%), large cell-carcinoma and LCNEC (14.3% vs 0%), and less often adenocarcinoma (32.1% vs 50.0) or BAC (0% vs 8.7%, p=0.02; all data not shown) compared with the lung cancers detected in round 4. ‡p Value: difference in histology between the third and last screening rounds. Fisher's exact test was used. §Others in round 1: 5 large cell carcinomas, 1 mixed NSCLC/SCLC, 4 carcinoids, 1 other, 3 no diagnosis was possible, 2 adenosquamous and 3 large-cell neuroendocrine carcinoma. ¶Others in round 2: 10 large-cell carcinomas, 2 adenosquamous cell carcinoma and 3 cancers without a diagnosis were included in the group of others; in round 4: 2 cancers without a possible diagnosis were included in the group of others. **Others in round 3: 2 large-cell carcinomas, 1 mixed NSCLC/SCLC, 2 carcinoids, 1 large-cell neuroendocrine carcinoma and 7 without a diagnosis; in round 4: 2 cancers without a diagnosis. † †Others in round 4: 2 with no diagnosis possible. No other types of lung cancers were detected in this round. BAC: bronchoalveolar carcinoma; NSCLC, non-small cell lung carcinoma; SCLC: small-cell carcinoma.
DISCUSSION
In this study, the NELSON screening strategy of the final screening round was evaluated. Compared with the first three rounds a higher proportion of new lung cancers was detected at an advanced disease stage (stage IIIb/IV) and the interval cancer rate was higher in the 2.5-year interval compared with the 1-year and 2-year screening intervals.
Relative to the first three rounds, the participation rate in round 4 was slightly lower (80.7% vs 87.5-95.5%).
12 One explanation could be that the original NELSON study protocol consisted of three screening rounds and in order to perform a fourth screening round an additional informed consent was necessary. At that time, 6 years after randomisation, some participants were no longer traceable. Another explanation could be that at the time of dispatching the invitations for the fourth screening round, participants may have lost interest in further screening.
Participants with exclusively negative test results were more willing to participate in the additional screening round than participants with at least one non-negative screening result.
Moreover, eligible participants who were screened in the fourth round, were more often current smokers. This could support results of previous analyses in the NELSON trial, indicating that screening may have an unintended health certificate effect that permits continued smoking. 19 This indicates that lung cancer screening should be coupled with a smoking cessation intervention.
In the final round, 2.0% (105/5380) of the screenings had a positive screening result. This resulted in a total of 2.0% (598/ 29 737) positive screenings in the NELSON study across all four rounds, which is comparable to the Danish Lung Cancer Screening Trial (DLCST; 2.0%). 20 Compared with the NLST, the proportion of positive screenings in the NELSON trial is substantially lower (2.0% vs 24.2%). 3 21 At the same time, the NLST also reported a substantially higher FP rate after a positive screening than the NELSON trial (96.4% vs 59.4%). 3 21 In round 4, a lower proportion of screenings yielded an indeterminate or positive result than in round 3, which took place 2 years after the second round. 12 This could be due to the NELSON nodule management protocol allowing the radiologist Figure 3 Overview of the screening-detected lung cancers and interval cancers across the four rounds. The numbers of lung cancers presented are not equal to the number of participants with lung cancer: as 12 participants with screening-detected lung cancer (round 1, n=4; round 2, n=3; round 3, n=2; and round 4, n=3), and 1 participant with an interval lung cancer (2nd year round 3) were diagnosed with synchronous double tumours.
to categorise abnormalities that remained stable across the previous rounds as negative. 15 17 18 Another influencing factor could be the finding that substantially more participants were diagnosed with an interval cancer in the 2.5-year interval compared with the 1-year and 2-year intervals, leading to fewer participants with suspicious abnormalities at the time of screening in round 4.
The cumulative lung cancer detection rate across the four rounds is 3.2%, which is comparable with the DLCST. 22 Relative to the NLST, the cumulative lung cancer detection rate of the NELSON trial is substantially higher: 3.2% vs 2.4%. However, the NLST had three annual screenings, a different nodule management protocol, and a different study population. 3 21 The effectiveness of the NELSON trial (including the proportion of screening-detected lung cancers that are overdiagnosed) is yet to be determined.
Analysis of the first two intervals showed that a 2-year interval between the second and third screening rounds did not lead to significantly more advanced stage lung cancers compared with a 1-year interval between the first and second rounds ( p=0.09). 11 However, the fourth round led to a stage shift in screening-detected cancers that was significantly less favourable than after a 1-year screening interval (eg, more stage IIIb/IV cancers). It also led to significantly higher proportions of SQM, BAC and SCLC ( p<0.001). A higher proportion of SQM and SCLC could be a result of more current smokers and a higher age at the moment of screening in round 4. However, the absolute numbers of these detected cancers were small. Compared with a 2-year screening interval, there was a similar tendency towards unfavourable change in stage distribution for a 2.5-year screening interval although this did not reach statistical significance. Also, the interval cancer rate was 1.47 (28/19) times higher in the 2.5-year interval compared with the 2-year interval. Moreover, in the last 6 months before the final fourth screening round the interval rate was 1.3 (16/12) times higher than in the first 24 months after the third round, suggesting that a 2.5-year interval may be too long.
On average, 69.4% of the screening-detected lung cancers across the four screening rounds in the NELSON trial were diagnosed in stage I and 9.8% in stage IIIb/IV. 11 This cumulative stage distribution of the screening-detected lung cancers in the NELSON trial appears to be favourable compared with those of the DLCST and the NLST (68.1% and 61.6% of cancers at stage I, and 15.9% and 20.0% at stage IIIb/IV, respectively). 3 20 However, this finding should be interpreted with caution because (1) the NLST used the 6th edition of the TNM (tumour, node, metastases) staging system, while the NELSON trial used the 7th edition, (2) the NLST and DLCST applied different eligibility criteria than the NELSON trial and (3) the proportion of overdiagnosed lung cancers in the screening group is yet unknown. The lung cancers found in the NELSON control group have yet to be investigated.
The strengths of this study include its population-based randomised setting, with a large number of participants in the screening and control groups. Second, by incorporating an indeterminate test outcome in the nodule management protocol instead of only two possible outcomes (eg, negative or positive), it seems possible to arrive at a better distinction between participants who might and who might not benefit from a diagnostic workup, leading to fewer FP results (ie, a better harm-benefit ratio). The limitations of this actual substudy were the relatively small absolute number of screening-detected lung cancers in the fourth round and the small absolute numbers of interval cancers between the third and fourth rounds. Furthermore, data on interval cancers after the fourth round were not yet available, and therefore no analyses of screening sensitivity of the final round could be performed.
In conclusion, a 2.5-year screening interval after the third round likely reduces the effectiveness of screening: in the final round significantly more advanced disease stage lung cancers were detected compared with a 1-year screening interval and compared with a 2-year screening interval a similar unfavourable change in stage distribution was seen, however not statistically significant. The proportion of interval cancers in the 2.5-year interval was substantially higher compared with a 1-year and a 2-year screening intervals. Modelling will give more insight into the potential effect of the different screening intervals in the NELSON trial.
